To clarify the effect of acetylcholinesterase (AChE) on the pathogenesis of airway hyperresponsiveness, AChE activities in tracheal smooth muscle and lung tissue from congenitally bronchial-hypersensitive (BHS) and bronchial-hyposensitive (BHR) guinea pigs were compared. For this purpose, AChE activities were determined by measuring the rate of absorbance of tisssue homogenate. Relative amounts of AChE mRNA were also evaluated by the RT-PCR method. In both tracheal smooth muscle and lung tissue from BHS, the AChE activity and the relative amount of AChE mRNA were less than those in BHR. These results suggest that the reduced AChE activity is at least a candidate for inducing airway hyperresponsiveness.
The two strains of guinea pigs, bronchial-hypersensitive (BHS) and bronchial-hyposensitive (BHR) guinea pigs (Nippon Zoki Pharmaceutical Co., Ltd. Hyogo, Japan) are developed by selective breeding techniques from the Hartley strain that is, all BHS fell down within 90 sec in a screening test with 0.08% ACh aerosol exposure at 8 weeks old, but no BHR showed fell down for at least 10 min. Because AChE activity may affect this different responsiveness of BHS and BHR to ACh, these guinea pig strains (n=15 each, B.W. 400-750 g) were used to elucidate the effect of AChE on the pathogenesis of airway hyperresponsiveness in this model.
To investigate AChE activities, the trachea and lungs were excised from guinea pigs killed by stunning and Airway hyperresponsiveness is one of the most important features of the development of asthma, and may precede the expression of the asthmatic phenotype [8, 9] . It is likely that airway hyperresponsiveness is effected by several genes and that each gene contributes to the continuous variation seen between a normal population and asthmatics [5] . Acetylcholinesterase (AChE) is the main cholinesterase in the tracheal smooth muscle and ganglia of guinea pig, rat, dog and so on [11, 13, 14] . The role of AChE in regulating cholinergic synapses is rapid hydrolysis of acetylcholine (ACh) into choline and acetate [1] [2] [3] so that changes in AChE activity may be related to the pathogenesis of airway hyperresponsiveness.
exanguination. Each kind of tissue was homogenized at 4˚C in a homogenizer (WHEATON overhead stirrer, NJ, USA) and added to PBS (8 µl of buffer/mg of tissue). AChE activity was determined by measuring the absorbance rate in tissue homogenates according to the methods of Mitchell et al. [11] . Briefly, acetylthiocholine was used as a substrate for AChE. Thiocholine is produced by hydrolysis of acetylthiocholine and reacts with 5,5-dithiobis (nitrobenzoic) acid [DTNB] to produce 2-nitro-5 mercapto-benzoate. To determine AChE activity, 164 µl of PBS (containing 0.24 mM DTNB) was added to microplate wells (200 µl). The microplates were warmed to 37˚C in an incubator. Then 24 µl of homogenate and 12 µl of substrate were added to the wells. These mixtures were incubated for an hour. During and after incubation, the rate of production of 2-nitro-5 mercapto-benzoate was measured at 405 nm wavelength on a Microplate Reader (BioRad Model 550, Bio-Rad Laboratories, California, USA). The amount of protein in the homogenates was determined with BCA Protein Assay Reagent (PIERCE, Illinois, USA).
As shown in Fig. 1 , the values of absorbance units (AU)/h/mg protein in homogenates from BHS and BHR increased in a concentration-dependent manner. Curve fitting was done by a logarithmic method. Homogenates of tracheal smooth muscle (Fig. 1a ) and lung tissue (Fig. 1b ) from BHS had a substantially reduced absorbance rate compared to BHR. In lung tissue at 62.4 mM substrate, the maximal rate of AChE activity in BHS was significantly less (13.5 ± 0.65 AU/h/mg protein) than those in BHR (17.7 ± 0.79 AU/h/mg protein; P<0.001). In tracheal smooth muscle at 62.4 mM substrate, the maximal rate of AChE activity in BHS was less (17.0 ± 1.15 AU/h/mg protein) than in BHR (46.5 ± 17.3 AU/h/mg protein). These results suggested that a distinctly greated reduction in AChE activities occurred in tracheal smooth muscle and lung tissue from BHS than in those from BHR.
Kinetic analysis was also studied in samples from lung tissue as shown in Fig. 2 . AChE activity (V max ) in homogenates of lung tissue from BHS (12.3 ± 0.58 AU/h/mg protein) was significantly less than in those from BHR (16.8 ± 0.96 AU/h/mg protein; P=0.002). The K m values, Michaelis's constants for AChE in homogenates of lung tissue from BHS (1.10 ± 0.29 M) and BHR (1.13 ± 0.30 M) were almost the same. Maximal AChE activity (V max ) was significantly less in lung tissue from BHS than from BHR, but the K m , Michaelis's constant values for AChE were similar for BHS and BHR so that isoforms having different activity were unlikely to be present and a decrease in a single AChE isoform activity caused increasing airway hyperresponsiveness to ACh in BHS.
Relative amounts of AChE mRNA in tracheal smooth muscle and lung tissue were also measured. Total RNA samples were isolated with a Catrimox-14 TM RNA isolation kit ver 2.11 (TaKaRa Biomedicals, Shiga, Japan) and were treated with DNase I (TaKaRa). The samples were added to a RNA PCR Kit Ver 2.1 (TaKaRa), then incubated at 50˚C for 35 min, at 95˚C for 5 min (deactivation of AMV reverse transcriptase), and at 5˚C for 5 min in a thermal cycler (PCR Thermal Cycler PER-SONAL, TaKaRa).
The primers used for AChE and GAPDH were designed on the basis of the coding sequence obtained from the GenBank database for rat/mouse AChE and guinea pig GAPDH (synthesized by Amersham Pharmacia Biotech, Tokyo, Japan). Table 1 shows the sequences of forward and reverse primers and expected product size. The samples were pre-incubated at 94˚C for 10 min and then cycled for 40-50 times as follows: 94˚C for 30 sec, 63.6˚C for AChE (or 64.0˚C for GAPDH) for 30 sec and 72˚C for 1.5 min. To quantify the amount of mRNAs, 20 µl of PCR products was taken up at 45 and 50 cycles.
A volume of 5 µl of the reaction mixture (with 2 µl of loading buffer, Novagen, WI, USA) was loaded onto 3% agarose gels (Funakoshi, Tokyo, Japan) and subjected to electrophoresis and then dyed with ethylenebromide (10 pM). Digitized images of the gels were obtained with a CCD image analyzer (FULA-3000, FUJIFILM, Tokyo, Japan) and all data were analyzed on a computer with the public-domain program NIH Image. The peak area of each cDNA was measured as peak area. Band intensity was normalized with an intensity marker of 300 bp in the same gels. To compare relative amounts of mRNA in BHS and BHR, all data were standardized with GAPDH that was used as an internal control.
As shown in Fig. 3a , the amounts of cDNA obtained from tracheal smooth muscle at 45 cycles were less than those at 50 cycles and the values at 45 cycles were used for analysis. In Fig. 3b , the AChE mRNA/GAPDH mRNA value in BHS was significantly less (0.45 ± 0.07), than those in BHR (0.82 ± 0.17, P<0.05) in tracheal smooth muscle. In lung tissue, the value in BHS and connective tissue, mRNA expressions may be affected by these nonairway cells. Moreover, AChE is derived from a single gene but occurs physiologically in various forms produced by alternative mRNA splicing or post-translational modification [10, 12] . This splicing pattern may also cause a functional difference between BHS and BHR in AChE activity. Although the predominant (~75%) cholinesterase in the smooth muscle is butyrylcholinesterase (BuChE) [2, 3] , AChE has a much greater potential than BuChE [19] . A previous study has demonstrated that tracheal contractile responses to carbachol in vitro were similar in BHS and in BHR, but those to ACh were significantly greater in BHS than in BHR [18] . Takeuchi et al. [15] have also shown that AChE-positive nerves around bronchi are morphometrically greater in BHR than in BHS. Many studies suggested that the decrease in AChE activity may be associated with enhanced contractile response of tracheal smooth muscle to the exogenous and endogenous ACh in, for example, an active immune-sensitized dog model [7, 11, 13] . Because the present results were consistent with these studies, the decrease in AChE activity might also cause a stronger response to ACh in BHS. Bulut et al. [4] have reported that either AChE or BuChE activities in two mice strains (hyperresponsive A/J and hyporesponsive C3H/HeJ) were similar and were unlikely to contribute to the differences in airway responsiveness. Nevertheless, these mice strains were not selected on the basis of their bronchial contractile responses, so it might be very important that AChE activity is reduced in airway smooth muscle from BHS, which were selected as airway hyperresponsiveness models, in the clinical view of treatment for asthma.
In conclusion, this study has demonstrated that the decrease in AChE activity in airway smooth muscle might cause an increase cholinergic response. Congenital airway hyperresponsiveness in BHS may partly result from reduced AChE activity, and the cause of reduced AChE activity may be a decrease in AChE function and/or mRNA expression. The change in AChE activity may play an important role in the pathogenesis of airway hyperresponsiveness. 3) , and the values at 45 cycles were used for analysis. Fig. 3b (0.68 ± 0.21) was also less than that in BHR (0.99 ± 0.1), but the difference was not significant. AChE mRNA expression was significantly lower in tracheal smooth muscle from BHS compared to BHR. This result may partly relate to decreased AChE activity. In addition to tracheal smooth muscle, lung tissue was also studied because small airways were considered to be an important determinant of airway hyperresponsiveness in asthma [6, 16] , but all mRNA expression was not similar in BHS and BHR. Because lung tissue contains alveolar tissue, pulmonary vessels
